I. INTRODUCTION
It is well known that complicated irreversible processes (hardening, plastic deformation development and, finally, -fracture), which are attributed to material evolution on different structural levels, go on under powerful ultrasonic treatment. There are several regimes of ultrasonic treatment differed in geometry of the treatment, ultrasound supply, stress level under loading, etc. Mathematical model allowing to describe the materials response to ultrasonic treatment at different regimes were proposed by the authors in [1, 2] not taking into account the phase transformations and temperature influence. In the present work the results of numerical simulations of materials behavior under ultrasonic treatment of two different types are presented. At the first regime the ultrasonic vibrations are applied directly by concentrator or magnetostrictive converter. The second regime is the ultrasonic shock treatment.
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MATHEMATICAL DEFINITION
The main dynamic system including the motion equation, continuous equation, Cauchy slr;lir, tensor and constitutive equation are given in [3] . The constitutive equation describing the stl.cs,. strain relation is as oi = -P(p,E) +Si, / I ' where P is the average pressure, Si is the stress deviator, E is the internal energy and p is lili specific volume.
Since the values of the stresses acting under ultrasonic treatment are considerably small, ~h: following baro-tropic cubic equation was used to describe the pressure: P = A O + B @~ +ce3, (21 where O is the cubic strain. The coefficients A, B and C are defined in [4, 5] for a numbcr materials.
The shear stresses are defined from the following equation of relaxation type:
s, = 4 p (~: -2-jP)f3, (31 where if is the total strain rate. The plastic shear rate is proposed to be defined taking into accounl the contributions from different level of material. Plastic flow on micro-level is caused by evolution of dislocation continuum. In contsaq 10 conventional model concepts not considering the plastic deformation at o < o n , , the propowd model assumes that any small disturbances cause the corresponding small plastic deforrnat~on\ This approach has a great importance for ultrasonic loading, because the influence of a series d high frequency pulses (even at stresses below the technical yield point of material) can lead 1, ) accumulation of considerably high plastic deformation.
Total plastic deformation at each time-step of the loading is proposed to present as the sum oi contributions from every dislocation fraction: y p = ~A~P , A y P = gbNfP,(rsI)uI (4 I where g=0.5 is the orientation factor; b is a Burgers vector; N and f a r e the dislocation density and the portion of movable dislocations correspondingly; Pl(rsI) is the probability of motion of I-rh dislocation fraction at the stress r,, and the velocity v l . The normal distribution of the defects o\si where rl, = r , + a p b f i corresponds to the yield stress taking into account appearance of scmots back stresses due to dislocation forest.
Expressions of the dislocation density N, portion of movable defects f and their velocities u;. taking into account Bauschinger's non-ideal effect, generation and deceleration of dislocations art given in [I] in details.
The total yielding stress of the materials under loading is proposed to be written taking inro account formation and evolution of meso-substructures as:
T; = T, +~p b f i +~;~, ( y~) +~z~, ( y~) +~;~, ( y~) (6) where r, is the yield stress of the material before treatment; K; are the model paramctcrs. describing the value of contribution from meso-level due to formation of coriesponding mcsosubstructures; P,(y P) are the probabilities of these meso-substructures.
To test the state equations the calculations of o -E diagrams were carried out for the soft s~csl under cyclic loading ( E~ = 10"-'). The calculated and experimental results are presented in Fig.% . The materials constants and parameters of the constitutive equation arc given in [I] .
RESULTS OF NUMERICAL SIMULATIONS
Simulation of materials response to ultrasonic treatment
The scheme of ultrasonic wave generation in the studied specimen is shown in Fig.la . Following this scheme the feeding of ultrasonic energy into the specimens realized by direct contact either with a converter or through a metal concentrator. This scheme allows to reach high enough stress values (upto fracture) in the specimens. At the same time the application of this scheme is limited by the resonance length of the systems.
In numerical simulations the boundary conditions at the output of the specimen are written as:
U(t) = U, , sinwt
where o is an angle velocity of the ultrasonic treatment; t is the current time. The stress value at the free surface is equal to zero. High frequency cyclic loading takes place, at which standing waves have to be formed in the system "magnetostrictive converter -concentrator specimen". In reality there are some energy redistribution due to assembling of the system parts, materials inhomogeneity, etc. Therefore the real process is in between the standing and the running waves. The amplitude of alternative stresses in ultrasonic waves is near to the yield stress and extremely sensitive to deviation from the resonance length of the system (Fig. 2b) . 
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The calculations were carried out for the specimens made of soft steel subjected to tilt ultrasonic treatment.
The calculations showed that accumulation of plastic micro-strains is of essentially nonlinear character and connected with both the evolution of the defect structure on micro-level and the amplitude of the acting macro-stresses. Fig.3 shows the calculated results for soft steel at differel11 loading stages. This character of the dislocation accumulation is attributed to the influence oi different factors.
Firstly, the two competing processes are simultaneously developed on micro-level in the material (Fig.3a) . From one hand due to alternative stresses the dislocations are generated. accumulated and moved (plastic flow). From another hand the increase of dislocation density lead5 to development of remote back stresses, depressing the dislocation movement (hardening).
Moreover, accumulation of plastic deformations is of highly localized character (Fig.3b) . Ir is caused by standing waves, when the most intensive structural evolution goes on in the region ol stress antinode. But under treatment the standing wave may result in considerable deviation fro111 symmetric distribution of dislocation density relatively to the center of the specimen.
Simulation of materials response to ultrasonic shock treatment
The scheme of ultrasonic shock treatment is presented in Fig.lb The boundary conditions at the converter output is: ~( t ) = G~~~~~ + olmx sinwt (8) where o,,,, is the stress due to the static pressing force FN; om;, is the stress amplitude in the ultrasonic wave; w is an angle velocity of the ultrasonic treatment; t is the current time.
The way of motion of the deforming element depends on the loading parameters and inertial properties of the system. Fig.4 shows the time-dependence of the deforming tool displacements a( the different amplitudes of ultrasonic treatment (the pressing force is 200 N). The calculations showed that at lower ultrasonic amplitude (Fig.4b) the frequency of the shock influence is highel. but its amplitude is decreases. The interaction is of complicated non-harmonic character with the stress amplitudes initiating the plastic flow. Accumulation of plastic deformation (Fig.5a) is caused by the processes ongoing on micro-level (evolution of dislocation continuum) and on meso-level (development of meso-substructures, fragmentation of the crystals, rotation and displacement of the fragments).
Deforming elements of different shape, as well as different amplitudes of pressing force and ultrasound are used depending on the desirable effect of the treatment. For example at spherical deforming element the stress waves propagating into the surface layer are spherically attenuated. The cold worked layer upto several tens of microns in depth is formed (Fig.5b) . The higher the stress amplitude, the deeper the cold worked layer. Usually the time of ultrasonic shock treatment is considerably less, than that of pure ultrasonic treatment. It is defined to obtain the maximum cold working and to avoid the fracture of the surface. 
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At ultrasonic polishing the plane deforming element and small ultrasonic amplitudes are used. In this case due to the large contact area and small ultrasound amplitude the stresses do not cause plastic deformation in near surface layer and only micro-roughness on the surface is plastically deformed.
CONCLUSION
The necessity of investigation of materials response under different regimes of ultrasonic treatment still exists, because a wide range of new materials, methods of coating and surface treatment has recently appeared. The authors proposed a new dynamic model allowing to predict the materials response under ultrasonic treatment at different regimes. Development of plastic flow is described taking into account the contributions from different structural levels of the material. Numerical simulation of behavior of specimens made of soft steel at two different regimes of ultrasonic treatment was carried out. Both qualitative and quantitative agreement between the calculated and experimental results is obtained. The fitting up of each parameter of ultrasonic treatment (oscillation frequency and amplitude, duration of the treatment, geometry, etc.) as well as studying its influence on the deformation process (optimization of all the parameters) are not an easy task, which can be solved at the border of physics of plasticity, mechanics and numerical modeling. 
